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SUBSONIC LONGITUDINAL CONTROL CHARACTERISTICS

OF SEVERAL ELEVON CONFIGURATIONS FOR A
MANNED LIFTING ENTRY VEHICLE*

By Bernard Spencer, Jr., and Charles H. Fox, Jr.
Langley Research Center

SUMMARY

An investigation has been conducted at low subsonic speeds on a model of the
HL-10 reentry vehicle configuration. The effects of increasing elevon and fin boat-
tailing on the longitudinal stability and control effectiveness characteristics of both a
one-fin and a three-fin configuration have been investigated. The tests were made in the
Langley high-speed 7- by 10-foot tunnel at a Mach number of 0.35, corresponding to an
average Reynolds number based on body length of 5.73 x 106. The angle of attack ranged
from approximately -6° to 230 at a 0° angle of sideslip.

For the three-fin configuration, boattailing the rudder of the center fin and the
outer edge of the tip fins increased the maximum trimmed lift-drag ratio from approxi-
mately 3.2 to 4.0. A comparison of the effects of elevon boattail angle on_f)oth the three-
fin and one-fin configurations indicated that the value of the maximum trimmed lift-drag .
ratio generally increased with increasing elevon boattail angle. For the highest boattail '
angle on the three-fin configuration, however, no stable trim existed in the region of maxi-
mum lift-drag ratio due to nonlinearities in the pitching moment and attendant losses in
control effectiveness. A comparison of the three-fin and one-fin HL-10 maximum lift-
drag ratio characteristics showed that the three-fin HL-10 had higher values of both
trimmed and untrimmed maximum lift-drag ratio. The addition of small trailing-edge
base extensions having varying dégrees of boattailing to the original elevon provided val-
ues of both trimmed and untrimmed lift-drag ratio which were as high or higher than those

of any other configuration tested.

INTRODUCT]ON
?;f‘ H ‘

. - ‘L
, The National Aeronautics an_d'SWe Administration is presently engaged'i‘?numer-

ous wind-tunnel investigations to obtain derodynamic data on a manned lifting"eni’fgr vehi-
cle designated HL-10 (horizontal lander 10). The results of some of these investigations
are reported in references 1 to 18. This configuration is designed to provide some
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hypersonic lift antl hft Elrag ¥ gt;o and tbﬁ hzuf.e pc-rlzo-ntﬂ lary;hng capaE'“Ehes Low values
of 1lift and lift- drag‘ Ta’tlb fnherent with tl'us type of vehicle at subsonic speeds, however,
produce problems since both lift and lift-drag ratio are of prime importance with regard
to vehicle handling qualities and sink rate. Since the low values of the lift-curve slope
cannot be increased for landing without resorting to some form of variable geometry or
alteration in planform design, attention is currently focused on other methods of
increasing the lift-drag ratio to improve the landing capabilities of the vehicle.

Results of an investigation on methods of increasing the subsonic lift-drag ratio
of the HL-10 (ref. 11) have indicated that considerable improvement may be realized by
boattailing regions of the center fin and tip fins to approximately a zero base thickness.
These modifications can be made without penalizing the salient design points for entry or
hypersonic flight by restoring the original surface with a movable flap. An investigation
at a Reynolds number (based on body length) of 15 X 108 on the HL-10 configuration incor-
porating the modifications suggested in reference 11 has indicated that trimmed lift-drag
ratios of 4.70 are obtainable. (See ref. 15.) The purpose of the present investigation is
to extend the work of references 11 and 15 to study the effects of additional boattailing
on the elevon surfaces and the resultant effects on longitudinal control effectiveness and
stability. The elevon modifications have been investigated on both a three-fin and a one-
fin configuration. All tests were made at a Mach number of 0.35, corresponding to an
average test Reynolds number based on body length of 5.73 X 106, The angle of attack
was varied from approximately -6° to 23° at a 0° angle of sideslip.

SYMBOLS

All data are referred to the stability axis system, with all coefficients nondimen-
sionalized with respect to the actual length and projected planform area of the body. The
reference center of moments was located at 53 percent of the body length aft of the nose,
and at 1.25 percent of the body length below the indicated body reference line. (See

fig. 1(a).)

Cp drag coefficient, Drag
o0
CL lift coefficient, Lift
- QOS N =
Cm pitching-moment coefficient, LilChif moment
QoS
L/D lift-drag ratio
l length of vehicle, 30.54 in. (0.776 m)
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Reynolds number
radius

reference area, equal to projected planform area of body with elevons,
0.357¢2 (2.31 £t2) (0.2145m2)

angle of attack, deg
elevon deflection angle, positive with trailing edge down, deg

angle of elevon base extension lower surface, measured from elevon lower

surface, deg

angle of elevon base extension upper surface, measured from elevon upper
surface with 4 = 09, deg

angle of elevon upper surface boattail, measured from original elevon upper
surface, deg

maximum condition

trimmed condition

Model component designations:

Eg

I4

basic center fin

tip fins

MODEL

Design concepts and configuration geometry of the HL-10 are presented in refer-
ence 16. The designations for model components given in references 15 and 16 are used
in the present paper where possible. Drawings of the model and various model com-
ponents tested are presented in figure 1.

v ;



\—

.ci "
o-lii"" ..- .

The body of t:he .HL 16 cmf;gura‘tlot\s:has.a 740 delta planform '\ﬂth a thick nega-
tively cambered airfOi'l’ sect1on Both the body w1th a center fin (one-fin configuration)
and the body with a center fin and tip fins (three-fin configuration) have been tested with
and without modifications to the fins. The basic center fin is designated Eg (fig. 1(a));
this center fin boattailed to a 120 included angle on the rudder section is designated
modified Eg (fig. 1(c)). The basic tip fins are designated I3 (fig. 1(b)), and the tip fins
with 28.900 of outer edge boattailing are designated modified I (fig. 1(c)). The configu-
ration with both the center fin and the tip fins modified is designated mod (E2 + 14). This
designation corresponds to the designation modified Ep + 14 in reference 15. Photographs
of a model of the HL-10 showing several of the fin and elevon modifications are presented
in figure 2.

The elevon was modified from the original thickness to have varying degrees of
upper surface boattailing, with 6 designating the boattail angle as measured from the
original upper surface. Boattail angles of 00, 49, 89, and 12° have been tested. The use
of vortex generators to delay upper surface separation as noted in reference 11 has also
been investigated for most of the configurations. (See fig. 1(b).) Several small trailing-
edge extensions having various combinations of upper and lower surface boattailing were
added to the original elevon (§ = 00) in an effort to reduce the base drag associated with
this elevon without inducing early upper surface separation.

TESTS AND CORRECTIONS

The present investigation was made in the Langley high-speed 7- by 10-foot tunnel
at a Mach number of 0.35, corresponding to an average test Reynolds number based on
body maximum length of 5.73 X 106, The model was sting mounted, and forces and
moments were measured by means of an internally mounted six-component strain-gage
balance. The angle of attack ranged from approximately -69 to 239 at a 09 angle of
sideslip.

Jet-boundary and solid-blockage corrections, determined by the methods described
in references 19 and 20, respectively, have been applied to the data. The angle of attack
has also been corrected for the effects of sting and balance bending under load. All drag
data of this investigation represent gross drag, and have not been corrected for static
pressures in the balance cavity. Transition strips of No. 100 carborundum grains were
utilized on the model nose only. They were placed 10.0 percent of the body length aft
of the body nose unless otherwise noted.

4 —
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The effects of various fin and elevon modifications on the basic subsonic aerody-
namic characteristics of the three-fin HL-10 configuration are presented in figure 3 for
an elevon deflection angle of 0°. The alterations of the center fin and tip fins are modi-
fications of suggestions presented in reference 11 for improving the HL-10 subsonic lift-
drag ratio characteristics. Data on the effect of elevon boattail angle on the longitudinal
confrol characteristics for both the three-fin and the one-fin configurations are presented
in figures 4 to 13 and summarized in figures 14 to 20 in the form of plots of the trimmed
1ift and lift-drag ratio as a function of the angle of attack, Most of the discussion is con-
fined to the summary figures.

Performance and Control Effectiveness Characteristics

The effects of boattailing the rudder of center fin Ey and the outer edge of tip fin Iy
on the trimmed lift coefficient, lift-drag ratio, and corresponding angle of attack are
shown in figure 14 for the three-fin configuration having the original elevon. For the
configuration with no vortex generators, an increase in trimmed (L/D)max from
approximately 3.2 to 4.0 is shown. The addition of the vortex generators further
increased the trimmed (L/D)max to approximately 4.3 by delaying flow separation on
the body upper surface at the higher angles of attack and thus reducing the drag.

The effects of increasing the elevon boattail angle on the trimmed lift coefficient,
lift-drag ratio, and angle of attack for the three-fin HL-10 configuration having modified
fins Eg plus I4 with and without vortex generators are presented in figures 15 to 17.
These data for the configuration with vortex generators on are summarized as a function
of boattail angle ¢ in figure 20. The value of trimmed (L/D),,5x increases from
approximately 4.4 for 4 =00 to 4.75for 6 =89 (fig., 20). For 6= 12° however, no
stable trim points exist in the angle-of-attack region of (L/D),,5x because of the
increased instability and attendant losses in control effectiveness for this highest elevon
boattail angle. (See figs. 9(b) and 17.) The values of untrimmed (L/ D),ax for the
three-fin HL-10 configuration are also shown in figure 20 and indicate little or no change
in (L/D)p,ax Wwith increased elevon boattailing. The elevon deflection associated with
the highest value of untrimmed (L/D),,,x is dependent on the boattail angle 6, as may
be noted from the basic data of figures 4 to 9.

In an effort to retain the favorable linear pitching-moment variations with 6, and
a of the configuration with 6§ = 0° while reducing the elevon base areas, several small
trailing-edge extensions having varying degrees of boattailing were attached to the elevon
bases. The effects of adding these extensions to the original elevon (9 = 00) are sum-
marized in figures 18 and 20 for the three-fin HL-10 configuration having modified

* I 5
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fins Eg plus Ig agﬂ.voree::: gggerato‘rs' ph.s The thepsm‘h thng the: gr;ost improvement
in performance Had 154 and 368 of Yower hnd Upper surface boattaﬂmg, respectively, and
a resultant value of trimmed (L/D) )max of 4.65 (fig. 18). This configuration provided

values of both trimmed and untrimmed lift-drag ratio that were as high as or higher than

those of any other configuration investigated. (See fig. 20.)

Data on the effects of elevon boattailing on the trimmed lift coefficient, maximum
lift-drag ratio, and angle of attack for the one-fin HL-10 configuration with and without
vortex generators are presented in figure 19 and compared with the three-fin
configuration data in figure 20. The value of trimmed (L/D)y,ax increases from
approximately 4.0 for 6= 0° to4.30 for ¢ =120 for the one-fin configuration. (See
fig. 19.) The data of figure 20 indicate that the values of both the trimmed and untrimmed
(L/D)max noted for the three-fin arrangement are significantly higher than the values
obtainable with the one-fin configuration. For the highest elevon boattail angle tested
(6 = 120), trim existed to the maximum test angle of attack on the one-fin HL-10 configu-
ration because of the low level of longitudinal stability and resultant low elevon settings
required for trim. (See figs. 13 and 19.) Larger penalties in L/D due to trim for the
one-fin configuration may be expected if the level of longitudinal stability were adjusted
to that for the three-fin configurations.

Reynolds Number Effects

The data of the present investigation obtained on the three-fin HL-10 configuration
having modified fins Eg plus I4 and @ = 40 at a Reynolds number of approximately
5.73 x 106 are compared in figure 15 with data obtained on the same configuration at a
Reynolds number of approximately 15 X 10 (as presented in ref. 15). For the configura-
tion in the present test, a value of trimmed (L/D)yax of 4.3 was obtained at a Reynolds
number of approximately 5.73 X 108, (See fig. 15(a).) The tests of reference 15
(R = 15 x 106) indicate higher values of the trimmed L/D at angles of attack above 139
and an increase in the value of the trimmed (L/D)yax from 4.3 to 4.7 at an angle of
attack of approximately 16°. These increases in the value of the lift-drag ratio are a
result of the increase in Reynolds number, which causes a reduction in skin-friction drag
and a delay in trailing-edge flow separation. The delay in trailing-edge flow separation
is evidenced by the fact that the addition of vortex generators to the configuration in the
present tests results in a similar but lower increase in the value of (L/D)tpim at the
high angles of attack. (See fig. 15(a).)

CONCLUDING REMARKS

An investigation has been conducted at low subsonic speeds on a model of the
HL-10 reentry configuration. The effects of increasing elevon and fin boattailing on the
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longitudinal stabih:t"yfand control c-‘gfec:tiveslesé bilax,.ﬁtct.e:r-is;iéé of both 3 éne—fin and a
three-fin arrangement have been investigated. The tests were made. in the Langley high-
speed T- by 10-foot tunnel at a Mach number of 0.35, corresponding to an average
Reynolds number based on body length of 5.73 x 105, The angle of attack ranged from
approximately -6° to 239 at a 0° angle of sideslip. Results of the investigation may be

summarized as follows:

1. For the three-fin configuration, boattailing the rudder of the center fin and the
outer edge of the tip fins increased the maximum trimmed lift-drag ratio from approxi-
mately 3.2 to 4.0.

2. A comparison of the effects of elevon boattail angle on the longitudinal control
characteristics for both the three-fin and one-fin configurations indicates that the values
of the maximum trimmed lift-drag ratio generally increased with increasing elevon boat-
tail angle. For the three-fin configuration having the highest elevon boattail angle, no
stable trim exists in the region of maximum lift-drag ratio due to nonlinearities in the
pitching moment and attendant losses in control effectiveness.

3. A comparison of the three-fin and one-fin HL-10 maximum lift-drag ratio char-
acteristics shows that the three-fin HL-10 configuration exhibited considerably higher
values of both trimmed and untrimmed maximum lift-drag ratio.

4. The addition of small trailing-edge base extensions having varying degrees of
boattailing to the original elevon provided values of both trimmed and untrimmed lift-
drag ratio that were as high or higher than those of any other configuration tested.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., January 25, 1966,
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